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Abstract 
The accelerated increase in oil and gas prices has resulted in coal playing a greater 
role in the fuel-balance structure of Russian thermal power plants. The main problems 
related to using coal in thermal power plants are the low efficiency and high 
environmental pollution of coal-combustion technologies. The requirements for 
developing new coal-combustion technologies are discussed by taking into account 
the experiences of international and regional industry. Some domestically developed 
technological solutions are promising from the viewpoints of economic efficiency and 
commercial attractiveness. 
Keywords: fuel-balance structure, coal-combustion technologies, estimation of 
investment project 
Introduction 
Coal has played a leading role in the energy balance of the Asian regions of Russia for a long 
time. However, the current state of coal use at thermal power plants and industrial boilers is 
unsatisfactory because their design and production methods are based on old design principles. This is 
what makes it impossible to improve the energy safety and efficiency of the Siberian economy without 
implementing new resource-saving and clean-burning coal technologies.  
This paper discusses the technological, ecological and economic contexts for developing new 
coal-combustion technologies and examines what role governments and industry might play in their 
application to production. 
This study has three parts. The first considers the differences between the Russian and other 
structures of primary energy consumption and investigates trends in the fuel-balance structure of 
energy generation in the Russian regions. 
The second part identifies those key technologies that might achieve improvements in energy 
efficiency and reductions in polluting emissions at coal thermal plants. Also discussed are the 
measures that might be necessary to help bring these technologies to market.  
The third part evaluates some low-cost projects developed within the Siberian Branch of RAS 
that are aimed at replacing heavy oil with coal. 
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1. Main trends in the fuel-balance structure of energy generation throughout the 
world and in Russia 
  
The structure of primary energy consumption in Russia differs significantly from that of the rest 
of the world. Russia has a lower oil share (20.3% versus 34.9%) and coal share (19.3% versus 23.5%) 
but a higher share of natural gas (49.9% versus 21.2%) (Fig. 1). 
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Figure  1.    Structure of Primary Energy Resources Consumption 
Source: World Energy Council, Energy Strategy of Russia for the Period Until 2020 
According to the World Energy Council (WEC), today over 25% of the total consumption by  
the world’s energy sector (for electricity and heat-energy production and for industry and 
transportation needs) is provided by coal. Furthermore, fossil-fired thermal power plants (TPPs) 
produce 38% of the world’s electrical power. 
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About 15% of the total amount of coal being mined throughout the world enters the world trade, 
with the European Community and Japan accounting for about 30% of the world’s purchase of coal. 
The direction of trade is changing geographically from west to east with the rapidly growing 
importation of coal by Asia and the gradually diminishing importation of coal by Europe. Taiwan and 
India, together with the Republic of Korean, are major coal buyers in Asia. 
At present, the fuel balance of Russian TPPs is almost 63% gas, 10% oil, and 27% coal and other 
solid fuels. However, there is considerable variance in fuel consumption among Russian regions. The 
percentage of gas in the power industry’s fuel balance in the European part of the country has already 
exceeded what could be considered a reasonable level of consumption (69–93%). This situation has 
arisen from the development of huge oil and gas fields in Western Siberia in the 1970s. 
On the other hand, the share of gas in Siberian TPPs amounted to only 7%, with a share of 13% in 
the Far East region. At the same time, coal consumption constitutes 92% in Siberia and 77.5% in the 
Far East, which is far too high a share for these regions from the ecological point of view (Fig. 2).
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Figure  2.      Structure of Fuel Consumption at Thermal Power Plants by 
Russian Energy Systems 
Source: Fuel and Power Engineering /Reference Book, Moscow, 2002 
In the context of the worldwide depletion of gas and heavy oil resources and the current coal 
market, formed over several decades of supply substantially exceeding demand, the ratio among the 
prices for coal, gas and heavy oil settled at the level of 1:1.8:1.7 in 2004, changing gradually in favor 
of coal. This makes an increased share of coal in the heat-power industry’s fuel balance appear more 
profitable.  
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Figures from the International Energy Agency (IEA) suggest that up to 1,400 coal-fired power 
stations of 1-GW capacity will be required to match the global energy demand up to 2030. According 
to WEC, the world coal consumption has increased by 62% in the last 30 years and it is expected to 
grow over 50% by 2030. The share of power generation within coal demand will increase from 69% in 
2000 to 79% in 2030 (Fig. 3). 
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Figure  3.     World Coal Demand by Sectors 
Source: IEA 
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A forecast of changes in the regional structure of world coal consumption is presented in Fig. 4.
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Figure  4.     Coal Consumption by Countries, billion short tons 
Source: BP Statistical Review of World Energy, 2004 
Fuel balance trends in Russia are largely determined by pricing policy. “The Energy Strategy of 
Russia until 2020” supposes to even out prices for coal and gas in 2006. By 2020, the ratio of the 
prices for coal and gas will be 1:1.89 and that for coal and heavy oil 1:2.60 (Fig. 5).  
Figure  5.    Ratios of Gas/Coal and Heavy-Oil/Coal Prices in Fuel Consumption,  
Ton of Coal Equivalent (tce)
Source: Energy System Institute SB RAS 
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In connection with these trends, coal demand will increase rapidly in Russia as a whole and in the 
European part of Russia in particular. The coal share in the fuel balance of this region’s TPPs will 
increase from 12% in 2000 to 22.3% by 2020 (Table 1).
Table 1     Forecast of Fuel Consumption by TPPs
  2000 2005 2010  2015 2020 
European part, mln. tce  216.0 224.3 248.2 258.3 259.5 
including, %  
gas 78.9(%) 78.1(%) 73.5(%) 71.1(%) 69.0(%) 
heavy-oil 6.3      6.1      6.8      6.5      6.3       
others  3.1      2.9      2.5      2.4      2.4       
coal 11.8      12.9      17.2      20.1      22.3       
Siberia, mln. tce 53.4 55.8 63.3 69.4 83.5 
including, %  
gas 12.4(%) 14.0(%) 12.1(%) 11.0(%) 10.1(%) 
heavy-oil 0.9      1.6      1.6      1.4      1.2       
others  3.5      3.2      2.2      2.0      1.6       
coal  83.2       81.1       84.1      85.5      87.2       
Far East, mln. tce    13.8   13.8    13.8   16.5    20.8 
including, %  
gas 15.1(%) 19.9(%) 22.1(%)  34.0(%) 46.3(%) 
heavy-oil 10.3      8.3      7.3      6.1         4.8       
coal 74.7 71.9 70.6 59.9 48.9  
Source: Energy Strategy of Russia for the Period Until 2020
The coal ratio in the fuel balance of Siberian TPPs may reach 87% by 2020 versus the current 
83%. In the Far East, a faster growth of the gas share is expected (about 46.3% by 2020 versus the 
current 15.1%). 
Gas predominates in the fuel consumption of houses using central heating boilers in European 
Russia (88%), where the coal share is small (4.7%) and less than the share of heavy oil (7.3%) (Table 
2). It is expected that during the period in question, there will not be any significant changes in this 
region’s fuel structure for houses that use central heating boilers. In the Eastern regions of Russia, the 
main type of fuel for home central heating boilers is coal (Siberia 76.2%, the Far East 65.4%). In the 
future, the coal ratio in Siberia is expected to drop (to 64.2% in 2020) due to the increased shares of 
gas (from 16.4 to 18.9%) and oil (from 7.4 to 16.9%).  
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Table 2    Forecast of Fuel Consumption by Heating Boilers 
  2000  2005  2010  2015  2020  
European part, mln. tce  74.4 75.6 81.5 83.5 84.1 
including, %  
gas 88.0(%) 87.7(%) 88.1(%) 88.7(%) 90.4(%) 
heavy-oil 7.3      8.5      7.9      7.0      5.7       
coal 4.7      3.7      4.0      4.3      3.9       
Siberia, mln. tce 17.5 16.4 16.8 16.6 14.9 
including, %  
gas 16.4(%) 17.4(%) 18.5(%) 18.5(%) 18.9(%) 
heavy-oil 7.4      15.3      15.9      16.9      16.9       
coal  76.2      67.4      65.6      64.7      64.2       
Far East, mln. tce 6.4 5.5 5.8 6.3 6.6 
including, %  
gas 12.5(%) 16.0(%) 29.8(%) 30.1(%) 34.9(%) 
heavy-oil 22.1      31.8      30.7      28.2      13.2       
coal  65.4      52.2      39.5      41.6      51.9       
Source: Energy Strategy of Russia for the Period Until 2020
In the fuel balance for homes with central heating boilers in the Far East, an increase in the share 
of gas is forecast (from 12.5  to 34.9%) along with decreases in the shares of coal (from 65.4  to 
51.9%) and heavy oil (from 22.1  to 13.2%). 
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In the fuel consumed by Housing and Communal Services (HCS) in European Russia, gas also 
prevails (84.9%), and coal share (13.1%) is much larger than that of oil (2%) (Table 3).  For the period 
in question, no significant changes are expected in the fuel structure. In Siberia, coal amounts to 
94.3% of all fuel consumed by HCS, and in the Far East this amounts to 83.4%. The coal ratio will 
decrease in Siberian HCS to 82% by 2020, which is expected due an increase in gas share (up to 
15.6% by 2020 compared to 1.8% in 2000).  
The same trends are typical for the fuel supply for HCS in the Far East. 
 
Table 3     Forecast of Fuel Consumption by Housing and Communal Services 
  2000  2005  2010  2015  2020  
European part, mln. tce  61.8 69.3 81.7 88.3 91.9 
including, %   
gas 84.9() 86.9() 87.6() 86.8() 86.3()
heavy-oil  2.0       1.6       1.2       1.0        0.9        
coal 13.1       11.4       11.2       12.1        12.8        
Siberia, mln. tce 13.3 14.5 16.6 17.4 18.0 
including, %   
gas 1.8() 2.8() 12.7() 14.3() 15.6()
heavy-oil 4.0       3.6       3.0       2.8        2.4        
coal  94.3       93.6       84.3       82.9        82.0        
Far East, mln. tce 4.6 5.6 6.6 7.2 7.4 
including, %   
gas 7.1() 7.4() 13.5() 15.8() 22.9()
heavy-oil  9.5       7.9       6.4       4.6        3.9        
coal  83.4       84.8       80.1       79.6        73.2        
Source: Energy Strategy of Russia for the Period Until 2020
 
 
2 Necessity for New Coal Combustion Technologies  
At the summit in Gleneagles (July 2005), the G8 leaders emphasized the need to face up to the 
serious and linked challenges of tackling climate change and promoting clean energy. The main 
problems related to coal use at thermal power plants are the low efficiency and high environmental 
pollution of coal-combustion technologies. 
It is now possible to achieve improvements in power efficiency and reductions of polluting 
emissions at coal thermal facilities, in both large- and small-scale power generation. This can be done 
by deploying the many technological and technical solutions that at present are undergoing RDT&E 
or are already in trial or commercial operation. These include a number of approaches: technologies of 
improving the fuel quality of coal (coal concentration and thermal development: solid treated and 
synthetic liquid fuels, water-coal suspensions and gaseous fuel, methanol); firing and lighting 
applications involving plasma power at pulverized coal stations and gasification at local plants; 
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reconstruction of furnace devices for coal burning (boilers with swirling-type furnace, pulverized coal 
furnaces with multi-stage burning and preliminary thermal treatment of fuel as well as boilers with 
circulating fluidized bed); power complexes with combined technological processes of coal treatment 
and generation of thermal and power energy based on steam-gas installations; and schemes for 
additional utilization of heat by using centrifugal bubbling devices as well as a variety of heat 
pumping techniques (steam-compression and bromine-lithium thermo compressors). 
The G8 leaders agreed to support efforts to make electricity generation from coal and other fossil 
fuels cleaner and more efficient by: 
a) supporting IEA work in major coal-using economies to review, assess and disseminate 
information on energy-efficient solutions for coal-fired power plants and to recommend 
options that make best practices more accessible; 
b) inviting the IEA to carry out a global study of recently constructed plants, building on the 
work of its Clean Coal Centre, to assess which are the most cost-effective and have the 
highest efficiencies and lowest emissions, and then to disseminate this information widely; 
c) continuing to work with industry and with national and international research programs and 
partnerships on projects to demonstrate the potential of advanced fossil fuel technologies, 
including clean coal. 
In the former USSR, nature-protection measures in the energy sector were financed on the 
residual principle. This led to a great difference between the environmental indices of coal-fired 
power plants in Russia and those in other countries. Table 4 presents the values of specific emissions 
of SO
2
, NO
x
 and light ash for operating Russian and American thermal power plants with a circulating 
fluidized bed and integrated gasification of coal.  
Table 4    Specific Emissions of Coal–Fired Plants, g/kWh 
Russia USA 
Emissions 
Kuznetsky 
coal 
(0.8% S) 
Kansko-Achinsky 
coal (0.2% S) 
Circulating 
fluidized bed
(1.1% S) 
Integrated 
gasification 
(0.45% S) 
SO
2
3.5 2.1 2.5 2.2 
NO
x
5 1.8 1.36 0.27 
Light ash 3.4 2.7 0.045 0.045 
Source: Energy System Institute SB RAS
The high share of coal in the fuel structure of power plants led to a grave environmental situation 
in many industrial centers of the Asian part of Russia: air pollution in some towns exceeds admissible 
standards by 5–15 times in dust, up to 4 times in sulfur oxides, and up to 6–7 times in nitrogen oxides.  
In the near future, it does not seem feasible to achieve high environmental quality in large 
coal-fired boiler, condensing power, and cogeneration plants in the Asian regions. In Russia, there are 
no tested technologies for deep cleaning of sulfur and nitrogen oxides from stack gases nor 
commercial power plants of higher environmental standards such as those using integrated 
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gasification combined-cycle power plants or fluidized bed boilers. However, there are plans to speed 
up their development and actual implementation. 
In Russia, the mid-90s saw a transition from the centralized system of designing and 
manufacturing machinery and equipment to a new era characterized by immediate links between 
producers and consumers. By establishing market relations, the energy companies became economic 
entities and proprietors of considerable financial resources. They are now entitled to determine on 
their own both the inventory of equipment to be purchased and the suppliers to deal with. The main 
criteria in their decision-making are technological quality of products, full-set supplies, conformity 
certification, after-sales service, and, naturally, price. 
Unfortunately, as far as coal technologies are concerned, although there are several high-tech 
investment-attractive projects, they have been only initially tested by R&D divisions. Moreover, they 
lack the necessary institutional support and resources for immediate deployment. 
It is well known that industries in developed countries have paid much attention to the scientific 
and industrial policy formulated on the governmental level. For instance, in the USA many 
innovations in heat engineering have emerged from the “Environmentally Appropriate Technologies
for Coal Consumption” Program. Due to the joint efforts of the USA government and industrialists, 
more than 5 billion dollars have been invested in “Clean Coal Technologies” projects.  
In Russia, the government should also finance innovations, even though it is highly risky to 
produce industrial prototypes. Eventually, however, mass production could become commercially 
feasible, thus demonstrating clear return on investment. 
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3.   New Coal-combustion Technologies Aimed at Replacing Heavy Oil  
Expected trends in the fuel supply of Russia’s power generation are oriented toward the 
increased importance of coal at Thermal Power Plants but also stricter environmental requirements. 
These trends will demand significant changes in the technological structure of electricity production in 
Russia. 
A number of highly promising technologies in coal heat engineering have been developed in the 
Siberian Branch of RAS, and having successfully passed all R&D stages these technologies are now 
ready for use. At first, the highest priority in using limited investment resources will undoubtedly be 
low-cost projects with a short investment cycle. The increased coal share in the fuel balance will take 
place with the replacement of heavy oil at existing power-generation sites.  
The most ready-to-implement technologies with a short investment cycle include the following. 
1) System of Plasma Lighting-up and Fuel Support (PLFS) 
Branch Centre of Plasma Lighting-up of RAO UES: 66 PLFS systems are installed at 
coal-fired TPPs. These are patented in Russia, Kazakhstan, Ukraine, the USA, Germany, the UK, 
Canada, China, Mongolia, Yugoslavia, Bulgaria, Greece and Israel. Priority sites for the 
implementation of plasma lighting-up and fuel support in Russia are TPPs burning low-volatile 
coals from Donbass and Kuzbass. However, burning low-volatile coals (10% and less) involve 
problems of plasmotrone service life.  
2) Mechano-activated coal preparation: ultra-fine grind of 15–20 µm 
 
a) Project: application of PLFS system with ultra-fine coal grind 
The estimations made for the PLFS system with ultra-fine coal grind for a boiler 
(BKZ-220-140F Barnaulskaya CHP-2, Russia) working on low-volatile Kuznetsk coals have 
revealed a considerable economic efficiency and financial viability of the project. The Net Present 
Value (NPV) is expected to become positive in the fifth year (Fig. 6), which makes projects aimed 
at the development of PLFS systems (under basic conditions) highly attractive to investors. 
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Figure  6.     Project: Application of PLFS System with Ultra-Fine Coal  
Grind for Boiler  BKZ-220-140F Barnaulskaya CHP-2 
Source: accounts IEIE SBRAS
The NPV is strongly influenced by the price for heavy oil, whereas changes in the price of coal 
and in the amount of capital investments, and especially in interest rates, only slightly affect the NPV. 
A sensitivity analysis performed using the ranges of parameters proposed in methodological 
recommendations shows that the NPV still remains positive, providing evidence for the project’s 
viability. (Note: these parameters include 20% increase in equipment costs, 30% increase in the price 
for the main raw material (coal), 30% increase in the interest rate, and 20% decrease in savings 
resulting from heavy oil substitution by pulverized coal under conditions of falling prices for heavy 
oil.) 
The payback period for the project when it is financed completely through loans is not more than 
five years, profitability index is 1.81, and internal rate of return is 28%.  
b) Project: Use of ultra-fine coal (15–20 µm) at oil-fired boilers 
 
1) There are additional costs for the equipment used in coal preparation and combustion (30 
thousand $ per boiler of 5-MW capacity) 
2) Economic effects: 
Fuel component costs have been reduced in terms of heat tariffs (2.0–3.0 times). 
With oil/coal price ratio equal to 3.0, additional re-equipment costs are repaid through annual 
savings on fuel. 
Project repayment period with realistic oil/coal price ratio is not more than three years. Byisky 
Boiler Plant, together with the Institute of Thermal Physics of  SBRAS (Novosibirsk, Russia), 
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has prepared large-scale testing of ultra-fine grind coal combustion at a 5-MW industrial 
oil/gas boiler. 
Conclusion 
 
In the past, Russia’s development strategy for its fuel and energy balance was based on an 
increasing share of gas utilization; accordingly, the structure of primary energy consumption in Russia 
significantly differs from that of the rest of the world. Russia has a lower coal share and a higher share 
of natural gas. “The Energy Strategy of Russia until 2020” predicts that the fuel-balance structure of 
power generation will shift toward an increased coal share, stabilization of gas consumption, and a 
reduced heavy oil share in Russia as a whole and in the European part of Russia in particular. 
Although the Asian regions of Russia possess unique hydrocarbon reserves, at present there is no 
large-scale use of gas and heavy oil in their fuel balance. Development of hydrocarbon resources in 
Eastern Siberia and the Far East will lead to an increased share of high-grade types of fuel in the fuel 
balance of these regions, but coal will remain the main type of fuel used in thermal power plants, 
homes with central heating boilers, and housing and communal services. 
The quantitative estimations obtained for the long-term development of the Siberian power 
industry show that Asian Russia will suffer the most from increases in greenhouse gas emissions. 
Therefore, there is intense demand in the Asian regions to reduce polluting emissions due to power 
generation, and this demand can be met by actively introducing new coal-combustion technologies. 
Technological change is complex and fraught with many uncertainties. Due to limited financial 
resources, it is essential to more actively develop and commercialize low-cost energy technologies 
with a short payback period. 
Some technologies developed in the Siberian Branch of RAS are now ready for use at thermal 
power plants and oil-fired boilers. These technologies merit the attention of industry and governments 
for deployment as vital tools of sustainable economic development.  

